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57 ABSTRACT

A semiconductor element and a manufacturing method
thereof are provided. The semiconductor element includes a
base, an epitaxy layer, a first well, a second well, a third well,
a first heavily doping region, a second heavily doping region,
a implanting region and a conductive layer. The epitaxy layer
is disposed on the base. The first well, the second well and the
third well are disposed in the epitaxy layer. The third well is
located between the first well and the second well. A surface
channel is formed between the first heavily doping region and
the second heavily doping region. The implanting region is
fully disposed between the surface channel and the base and
disposed at a projection region of the first well, the second
well and the third well.

6 Claims, 8 Drawing Sheets

S G [ 100
144N e 163 170 142N
H § .,
-~  — 1 - | R i
B~ R~ 7 ST BT ]
~4 150N
131N L 13 | 1320
120P
110P

S

[&¥)



U.S. Patent Jan. 5,2016 Sheet 1 of 8 US 9,231,078 B2

S G D 100
TWN 180 170 Tmzm
J rf—ﬁ i |
{ 1 f'l i //,
e Bt 1 el T
- - “1-150N
- P G L D G < G A
1207
110P
B




U.S. Patent Jan. 5,2016 Sheet 2 of 8 US 9,231,078 B2

120

110P

FIG. 2A

510
k‘
131N 132N
|
120P
1ar

FIG. 2B



U.S. Patent Jan. 5,2016 Sheet 3 of 8 US 9,231,078 B2

, 1-150N
AL LA3eN
120F
110
520
4
) "
l, n v
=1-150N
131N R RN
120F
110

160
P
1~ 150N
1 RN AR AN
120P
110



U.S. Patent Jan. 5,2016 Sheet 4 of 8 US 9,231,078 B2

- MOHEGE VS cuirent
---~ Vollage VS transconduciancs

6.008-04 1.00E-04
9.00E-05 =
5.00E-D4 1 8.008-05 &
o~ { = o
<T 4.008-04 b 7.008-05 %
= 8.00E-05 &
& 3.00E-04 500805 ©
e -
= 4.00E-05 B
© 2.00E-04 ¢ 13.00805 &
) 1.00E-05 g
0.00E+00 a— Y | T s“»; i Y — Y T Y I T | 0.00E+00
01234567 89 1011121314151617 181920
Voltage (V)
e Voltage V3 curent
---- Voliage VS transconductance
3.5000m 0.1200m f’-é—f"
0.4000m F -10.1000m &
o~ o [}
< 5.3000m 0.0800m &
= 0.0600m ©
& 0.2000m | 5
= 0.0400m 3
o - =
o U.1000m 0.0200m 5
6.0633p frozeosarssnsznas: 0.0000 §
-0.1000m ; : -0.0200m 8
0.000 5.000 10.000 15.000

Voltage (V)

FIG. 4



U.S. Patent Jan. 5,2016 Sheet 5 of 8 US 9,231,078 B2

~ \oltage VS current
-~ Voltage VS transconductance

G6.00E-04 1.00E-04
- 9.00E-05 g

5.00E-04 |- ’ "
8.00E-05 O
& 4.00E-04 | 7.00-05 &
- 8.002-05 %
o) ek
L 3.00E-041 5.00E-05 %
= 4.00E-05
O 2.00E-04 3 00E-05 8
5 AN § 2
1.00E-04 - ; 200805 &
! ~1.00E05 &

0.00E+00 N S S my S wecs moes B s e R SR S S N A 0.00E+00

0 24 6 8101214161820 2224 262830 323436 38 40
Voltage (V)
- Volage VS current
---- Voltage VS transconductance
0.7500m 0.1200m =
4 0.1000m @;
o 0-5000m - 1 0.0800m §
= 40.0800m R
B 0.2500m - D
s 10.0400m .3
= &
O ~7.2780p - 4 0.0200m 8
10.0000 @
-0.2500m : ! ; -0.0200m ©
G.000 {.600 20,000 30.000 4(.000 b
Voltage (V)

FIG. 6



U.S. Patent

2

d

b
FiG. 7  ®°

280N

210F

FIG. 8A

Jan. 5, 2016 Sheet 6 of 8 US 9,231,078 B2
5 G D 200
241p T 250 270 Y oq0p
i . i .J . ; §
. K - i Pl !.. ___i_ -1-///___\\
N B
“Losop
- 5 351p RN v R g
550N
210P



U.S. Patent

2209

220P

QQGP}

Jan. 5§, 2016

Sheet 7 of 8

US 9,231,078 B2

1.250p

w2 BOP




U.S. Patent Jan. 5,2016 Sheet 8 of 8 US 9,231,078 B2

200
D G S o
T ? 260 ? 242p
s b
. ~-250P
220P - I 23R 233N} 232P Py Y

280N
210F




US 9,231,078 B2

1
SEMICONDUCTOR AND MANUFACTURING
METHOD THEREOF

BACKGROUND

1. Technical Field

The disclosure relates in general to a semiconductor ele-
ment and a manufacturing method thereof, and more particu-
larly to ametal oxide semiconductor field effect transistor and
a manufacturing method thereof.

2. Description of the Related Art

With the development of semiconductor technology, var-
ied semiconductor elements are provided. For example, a
metal oxide semiconductor field effect transistor can be used
in an analog circuit or a digital circuit.

In the metal oxide semiconductor field effect transistor, a
base electrode and a source electrode may not directly con-
nected and my result a body effect. According to the body
effect, a gate voltage of the metal oxide semiconductor field
effect transistor will be changed and affects the electric per-
formance thereof.

SUMMARY

The disclosure is directed to a semiconductor element and
a manufacturing method thereof. An implanting region is
fully disposed, such that the body eftect can be improved, and
it is no needed to add any additional mask and any addition
cost.

According to a second aspect of the present disclosure, a
manufacturing method of a semiconductor element is pro-
vided. The manufacturing method of the semiconductor ele-
ment includes the following steps. A base is provided. An
epitaxy layer is formed on the base. A first well and a second
well are formed in the epitaxy layer. An implanting region is
fully disposed in the epitaxy layer. Next, a third well is formed
in the epitaxy layer and located between the first well and the
second well. The step of forming the third well is performed
after the step of forming the implanting region. A first heavily
doping region and a second heavily doping region are respec-
tively formed in the first well and the second well. A surface
channel is formed between the first heavily doping region and
the second heavily doping region. The implanting region is
located between the surface channel and the base and is
disposed at a projection region of the first well, the second
well and the third well. A conductive layer is formed above
the surface channel.

According to a third aspect of the present disclosure, a
manufacturing method of a semiconductor element is pro-
vided. The manufacturing method of the semiconductor ele-
ment includes the following steps. A base is provided. An
epitaxy layer is formed on the base. A third well is formed in
the epitaxy layer. An implanting region is fully disposed in the
epitaxy layer. A first well and a second well are formed in the
epitaxy layer. The third well is located between the first well
and the second well. The step of forming the first well and the
second well is performed after the step of forming the
implanting region. A first heavily doping region and a second
heavily doping region are respectively formed in the first well
and the second well. A surface channel is formed between the
first heavily doping region and the second heavily doping
region. The implanting region is located between the surface
channel and the base and is disposed at a projection region of
the first well, the second well and the third well. A conductive
layer is formed above the surface channel.

The above and other aspects of the disclosure will become
better understood with regard to the following detailed
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2

description of the non-limiting embodiments. The following
description is made with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a semiconductor element according to a
first embodiment of the present invention.

FIG. 1B shows a circuit diagram of the semiconductor of
FIG. 1.

FIGS. 2A to 2E show a flow chart of a manufacturing
method of the semiconductor element.

FIG. 3 shows a relationship between the voltage and the
current at a gate electrode of a semiconductor element with-
out any implanting region.

FIG. 4 shows a relationship between the voltage and the
current at a gate electrode of the semiconductor element
including an implanting region.

FIG. 5 shows a relationship between the voltage and the
current at a gate electrode of a semiconductor element with-
out any implanting region.

FIG. 6 shows a relationship between the voltage and the
current at a gate electrode of the semiconductor element
including an implanting region.

FIG. 7 shows a semiconductor element according to a
second embodiment.

FIGS. 8A to 8F show a flow chart of a manufacturing
method of the semiconductor element.

DETAILED DESCRIPTION

Preferred embodiments are disclosed below for elaborat-
ing the invention. An implanting region is fully disposed, such
that the body effect can be improved, and it is no needed to
add any additional mask and any addition cost. However, the
following embodiments are for the purpose of elaboration
only, not for limiting the scope of protection of the invention.
Besides, secondary elements are omitted in the following
embodiments to highlight the technical features of the inven-
tion.

First Embodiment

Please referring to FIGS. 1A to 1B, FIG. 1A shows a
semiconductor element 100 of the first embodiment of the
present invention, and FIG. 1B shows a circuit diagram of the
semiconductor element 100 of FIG. 1A. For example, the
semiconductor element 100 of the present embodiment can
be a NMOS. The semiconductor element 100 includes a base
110P, an epitaxy layer 120P, a first well 131N, a second well
132N, a third well 133P, a first heavily doping region 141N, a
second heavily doping region 142N, an implanting region
150N and a conductive layer 160. The epitaxy layer 120P is
disposed on the base 110P. The first well 131N is disposed in
epitaxy layer 120P. The second well 132N is disposed in the
epitaxy layer 120P. The third well 133P is disposed in the
epitaxy layer 120P, and located between first well 131N and
the second well 132N.

The first heavily doping region 141N is disposed in the first
well 131N. The second heavily doping region 142N is dis-
posed in the second well 132N. The first heavily doping
region 141N is used for electrically connected to a source
electrode S. The second heavily doping region 142N is used
for electrically connected to a drain electrode D.

The conductive layer 160 is disposed above the surface
channel 170. The conductive layer 160 is used for electrically
connected to a gate electrode G. The base 110P is electrically
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connected to a base electrode B. When the gate electrode G
and the base electrode B are applied bias voltage, a surface
channel 170 is formed between the first heavily doping region
141N and the second heavily doping region 142N. The
implanting region 150N is fully disposed between the surface
channel 170 and the base 110P (or the epitaxy layer 120P). In
the present embodiment, the body effect can be improved by
fully disposing the implanting region 150N.

In the present embodiment, the implanting region 150N,
the first well 131N, the second well 132N, the first heavily
doping region 141N and the second heavily doping region
142N have a first doping type, and the base 110P, the third
well 133P and the epitaxy layer 120P have a second doping
type. The first doping type and the second doping type are
complementary. In the present embodiment, the first doping
type and the second doping type can be N type and P type
respectively. Inanother embodiment, the first doping type and
the second doping type can be P type and N type respectively.

The implanting region 150N is continuously disposed at a
projection region of the first well 131N, the second well 132N
and the third well 133P, and is not only disposed at a projec-
tion region of the third well 133P.

The implanting region 150N is formed by fully implanting,
and it is no needed to add any additional mask. A manufac-
turing method of the semiconductor element 100 of the
present embodiment is illustrated in detail by a flow chart.

Please refer to FIGS. 2A to 2E, which show the flow chart
of the manufacturing method of the semiconductor element
100. As shown in FIG. 2A, the base 110P is provided and the
epitaxy layer 120P is formed on the base 110P.

Afterwards, as shown in FIG. 2B, the first well 131N and
the second well 132N are formed in the epitaxy layer 120P by
using a photoresister layer 510 as a mask.

Then, as shown in FIG. 2C, the implanting region 150N is
fully disposed in the epitaxy layer 120P. In this step, it is no
needed to use any mask, and dopants are directly implanted.
The doping energy can be controlled at 110K to 220K for
implanting the dopants at a predetermined depth, such that the
implanting region 150N can be controlled to be located
between the base 110P and the surface channel 170 (shown in
FIG. 1A) which is going to be formed.

Afterwards, as shown in FIG. 2D, the third well 133P is
formed in the epitaxy layer 120P by using a photoresister
layer 520 as a mask. The third well 133P is located between
the first well 131N and the second well 132N. The step of
forming the third well 133P is performed after the step of
forming the implanting region 150N. That is to say, the step of
forming the implanting region 150N will not affect the step of
forming the third well 133P.

Then, as shown in FIG. 2E, the first heavily doping region
141N and the second heavily doping region 142N are formed
in the first well 131N and the second well 132N respectively.
The surface channel 170 will formed between the first heavily
doping region 141N and the second heavily doping region
142N. Because the depth of the implanting region 150N has
been controlled in the step shown in FIG. 2C, the implanting
region 150N will be located between the surface channel 170
and the base 110P.

Afterwards, as shown in FIG. 2E, the conductive layer 160
is disposed above the surface channel 170. Thus, the semi-
conductor element 100 of the present embodiment is formed.

Please referring to FIGS. 1B and 3, FIG. 3 shows a rela-
tionship between the voltage and the current at a gate elec-
trode of a semiconductor element without any implanting
region 150N. When the base electrode B is applied =18 V, the
drain electrode D is applied to 1 V and the source electrode S
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is applied to 0V, the body effect is easy to result. Therefore,
the gate electrode G must be applied up to 8 V for turning on
the semiconductor element.

Please referring to FIGS. 1B and 4, FIG. 4 shows a rela-
tionship between the voltage and the current at a gate elec-
trode G of the semiconductor element 100 including an
implanting region 150N. When the base electrode B is applied
to —18V, the drain electrode D is applied to 1 V and the source
electrode S is applied to 0V, the implanting region 150N can
improve the body effect. Therefore, the gate electrode G is
justto be applied up to 5.79 V for turning on the semiconduc-
tor element.

Referring to the comparison between FIG. 3 and FIG. 4, at
the same condition, the voltage of the gate electrode G ofthe
semiconductor element 100 including the implanting region
150N can be reduced 2to 3 V.

Please referring to FIGS. 1B and 5, FIG. 5 shows a rela-
tionship between the voltage and the current at a gate elec-
trode of a semiconductor element without any implanting
region 150N. When the base electrode B is applied -10V, the
drain electrode D is applied to 16 V and the source electrode
S is applied to 15V, the body effect is easy to result. There-
fore, the gate electrode G must be applied up to 9V for turning
on the semiconductor element.

Please referring to FIGS. 1B and 6, FIG. 4 shows a rela-
tionship between the voltage and the current at a gate elec-
trode G of the semiconductor element 100 including an
implanting region 150N. When the base electrode B is applied
to =10 V, the drain electrode D is applied to 16 V and the
source electrode S is applied to 15V, the implanting region
150N can improve the body effect. Therefore, the gate elec-
trode G is just to be applied up to 6.13 V for turning on the
semiconductor element.

Referring to the comparison between FIG. 5 and FIG. 6, at
the same condition, the voltage of the gate electrode G ofthe
semiconductor element 100 including the implanting region
150N can be raised 2to 3 V.

Second Embodiment

Please referring to FIG. 7, FIG. 7 shows a semiconductor
element 200 according to a second embodiment. For
example, the semiconductor element 200 can be a PMOS. In
other embodiment, the semiconductor element 200 can be an
isolation device.

Inthe present embodiment, the implanting region 250P, the
first well 231P, the second well 232P, the first heavily doping
region 241P, the second heavily doping region 242P, the base
210P and the epitaxy layer 220P have a P type doping, and the
third well 233N and the barrier layer 280N have N type
doping region.

The implanting region 250P is continuously disposed at a
projection region of the first well 231P, the second well 232P
and the third well 233N, and is not only disposed at a projec-
tion region of the third well 233N.

The implanting region 250P is formed by fully implanting.
It is no needed to add any additional mask. The voltage of the
gate electrode G connected to a conductive layer 260 can be
raised by the implanting region 250P, and the absolute value
thereof can be decreased. A manufacturing method of the
semiconductor element 200 of the present embodiment is
illustrated in detail by a flow chart.

Please refer to FIGS. 8A to 8F, which show the flow chart
of the manufacturing method of the semiconductor element
200. As shown in FIG. 8A, the base 210P is formed and a
barrier layer 280N is formed on the base 210P.
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Afterwards, as shown in FIG. 8B, an epitaxy layer 220P are
formed on the base 210P.

Next, as shown in FIG. 8C, the third well 233N is formed
in the epitaxy layer 220P by using a photoresister layer 530 as
a mask.

Afterwards, as shown in FIG. 8D, the implanting region
250P is fully disposed in the epitaxy layer 220P. In this step,
there is no needed to use any mask and dopants are directly
implanted. The doping energy can be controlled at 110K to
220K for implanting the dopants at a predetermined depth,
such that the implanting region 250P can be controlled to be
located between the base 210P and the surface channel 270
(shown in FIG. 7).

Then, as shown in FIG. 8E, the first well 231P and the
second well 232P are formed in the epitaxy layer 220P by
using another photoresister layer 540 as a mask. The third
well 233N is located between the first well 231P and the
second well 232P. The step of forming the third well 233N is
performed after the step of forming the implanting region
250P. That is to say, the step of forming the implanting region
250P will not affect the step of forming the first well 231P and
the second well 232P.

Afterwards, as shown in FIG. 8F, the first heavily doping
region 241P and the second heavily doping region 242P are
formed in the first well 231P and second well 232P respec-
tively. The surface channel 270 will formed between the first
heavily doping region 241P and the second heavily doping
region 242P. Because the depth of the implanting region 250P
has been controlled in the step shown in FIG. 8D, the implant-
ing region 250P will be located between the surface channel
270 and the base 210P.

Then, as shown in FIG. 8F, the conductive layer 260 is
disposed above the surface channel 270. Thus, the semicon-
ductor element 200 is formed.

In the semiconductor elements 100, 200, the implanting
regions 150N, 250P are fully disposed between the surface
channels 170, 270 and the bases 110P, 210P, such that the
body effect can be improved. Further, it is no needed to add
any additional mask for forming the implanting regions
150N, 250P, and it will not affect the step of forming first
wells 131N, 231P, the second wells 132N, 232P and the third
wells 133P, 233N.

While the disclosure has been described by way of example
and in terms of the exemplary embodiment(s), it is to be
understood that the disclosure is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.
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What is claimed is:

1. A semiconductor element, comprising:

a base;

an epitaxy layer, formed by implanting a first doping
dopants and disposed on the base;

a first well, disposed in the epitaxy layer;

a second well, disposed in the epitaxy layer;

a third well, formed by implanting a second doping dopants
and disposed in the epitaxy layer, and located between
the first well and the second well;

a first heavily doping region, located in the first well;

a second heavily doping region, located in the second well,
wherein a surface channel is formed between the first
heavily doping region and the second heavily doping
region;

an implanting region, wherein the implanting region is
formed by implanting a third doping dopants, fully dis-
posed between the surface channel and the base, and
disposed in part of the first well, part of the second well
and part of the third well; the first well, the second well
and the third well are located at a middle part of the
epitaxy layer; and

a conductive layer, disposed above the surface channel;

wherein the doping type of the third dopants of the implant-
ing region is complementary to that of the first dopants
of the epitaxy layer and that of the second doping
dopants of the third well, the bottom of the implanting
region is above the bottom of the first well, the bottom of
the second well and the bottom of the third well.

2. The semiconductor element according to claim 1,
wherein the first well and the second well are formed by
implanting a plurality of fourth dopants whose doping type is
identical to that of the third dopants of the implanting region.

3. The semiconductor element according to claim 2,
wherein the doping type of the third dopants and the fourth
dopants is N type, and the doping type of the first dopants and
the second dopants is P type.

4. The semiconductor element according to claim 2,
wherein the doping type of the third dopants and the fourth
dopants is P type, and the doping type of the first dopants and
the second dopants is N type.

5. The semiconductor element according to claim 1,
wherein the implanting region is continuously disposed at the
projection region of the first well, the second well and the
third well.

6. The semiconductor element according to claim 1, further
comprising:

a barrier layer, located on the base, wherein the implanting

region is fully disposed between the surface channel and
the barrier layer.
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